Meiosis is a unique and critical process in reproduction. Although the key molecular components of meiosis have been identified, the molecular mechanisms regulating the entry into this pathway remain unclear. We previously demonstrated that a progestin in teleost fish, 17alpha, 20beta-dihydroxy-4-pregnen-3-one, is essential for meiotic initiation, and up-regulates taurine synthesis and the production of trypsin in Sertoli cells. In the present study, we found that trypsin promotes the uptake of taurine into germ cells through the up-regulation of solute carrier family 6 (neurotransmitter transporter, taurine), member 6 (Slc6a6) expression. We further found that this up-regulation of the taurine signal is required for Spo11a expression and meiotic initiation.
INTRODUCTION
Meiosis is a specific type of cell division by which germ cells are produced. A number of studies on the molecular mechanisms underlying the regulation of meiosis have been undertaken [1] . However, these mechanisms are not yet fully clarified. The male Japanese eel (Anguilla japonica) provides a superior system for studying the regulation of spermatogenesis, because only spermatogonial stem cells are present in the testes of these animals when they are in fresh water. Moreover, complete spermatogenesis can be induced in these eels both in vivo by treatment with human chorionic gonadotropin (hCG), and in vitro by treatment with 11-ketotestosterone (11-KT), a major androgen in teleost fish [2] . Using the Japanese eel model both in vivo and in vitro, we have previously demonstrated that a natural progestin in teleost, 17a, 20b-dihydroxy-4-pregnen-3-one (DHP), plays an important role in the initiation of meiosis [3] . We have further demonstrated in a subsequent study that progestin up-regulates the expression of trypsinogen, which is the precursor of trypsin [4] , and promotes taurine synthesis via the up-regulation of cysteine dioxygenase type 1 (cdo1) [5] , which is involved in the taurine biosynthesis pathway.
Trypsin is a serine proteinase, and various serine proteinases and serine proteinase inhibitors have been identified in the mouse testis [6] [7] [8] . It has also been indicated that androgen regulates some of these proteinases [6] . Taurine is the most abundant intracellular amino acid, and has been shown to have various functions, such as bile formation in the liver [9] , osmoregulation [10] , the stabilization of membranes [11] , calcium binding and transport regulation [12, 13] , and cell volume regulation and resistance to stress [14] . Taurine is present in male reproductive organs [15, 16] , and stimulates testosterone secretion in the rat testis in vivo and in vitro [17] . However, the role of serine proteinases and taurine in male reproduction has not been fully clarified.
In the present study, we first analyzed the interaction between taurine and trypsin and identified that trypsin promotes taurine uptake into germ cells through the transactivation of solute carrier family 6 (neurotransmitter transporter, taurine), member 6 (Slc6a6), also known as Na þ -Cl À -dependent taurine transporter. We further found that the synergistic role of trypsin and taurine is required for meiotic initiation.
MATERIALS AND METHODS

Animals
Cultivated male eels (body weight, 180-200 g) were purchased from a commercial eel supplier. A single injection of hCG dissolved in saline was given intramuscularly at a dose of 1000 IU per fish. The fish were killed at 0, 1, 3, 6, 9, 12, 15, and 18 days postinjection after anesthetization with 0.1% ethylaminobenzoate, and testes were sampled. Testicular fragments were used for extraction of total RNA, Western blot analysis, and the measurement of taurine levels in the testis. The experiments were conducted in accordance with the institutional animal ethics guidelines of Ehime University (protocol number 128, permit number H19-001).
Measurement of Taurine Levels in Testes
Testes from hCG-injected eels and cultured testis tissues were homogenized in 20 volumes of distilled H 2 O with an ultrasonic homogenizer. The homogenates were then centrifuged at 1000 3 g, and the supernatants were collected into a clean test tube. The samples or serum were mixed with an equivalent volume of 10% trichloroacetic acid, and centrifuged at 10 000 3 g for 5 min at 48C. The supernatants were then collected into a clean test tube. A 50% volume of hexane was added to remove lipids via mixing and centrifugation at 10 000 3 g for 5 min at 48C. The aqueous layer was filtered through a 0.22-lm syringe RC-membrane filter (Sartorius Stedim Biotech, Goettingen, Germany), and the taurine concentrations were assayed by reversephase HPLC (Hitachi, Tokyo, Japan) using an OPA reagent set (Wako, Osaka, Japan). Amino acid standard solution type B (Wako) was used as reference standard.
Semiquantitative RT-PCR for Cdo1, Csad, Slc6a6, and Trypsinogen
Testes from hCG-injected eels and cultured testis tissues were prepared as described above. Total RNA was extracted from each sample using Sepasol RNA I Super (Nacalai Tesque, Kyoto, Japan) and the cDNAs were then reverse transcribed using SuperScript II (Invitrogen). The reactions contained 0.5 lg of oligo (dT) 18 and 5 lg of total RNA in a 20-ll final volume. The resulting cDNA was amplified by PCR. The specific primers and the PCR cycling parameters used have been described previously for cdo1 and csad [5] , and for ef1a [16] . For trypsinogen, these primers were sense primer, 5 0 -CGCTCACTGCTACAAATCTCC-3 0 , and antisense primer, 5 0 -CTAACGG CAGGGTTCATAGTG-3 0 . Ef1a transcripts were used as the internal standard. The PCR cycling parameters for slc6a6, spo11a, and spo11b were 28 cycles of 948C for 30 sec, 598C for 30 sec, and 728C for 30 sec, and for trypsinogen were 32 cycles of 948C for 30 sec, 598C for 30 sec, and 728C for 30 sec.
Testicular Organ Culture
Testicular organ culture was performed as described previously [18] . Briefly, testicular explants were maintained in 1.75 ml of basal medium with or without 10 ng/ml DHP, 10 ng/ml 11-KT, or with 1 ng/ml of estradiol-17b (E2), which are effective concentrations for these steroids to function in eel spermatogenesis [3, 18, 19] . Tissues from five eels were used in this experiment at five replicates per condition. After culture for 6 days, testicular fragments were collected and used for the analysis of slc6a6 expression by semiquantitative RT-PCR. Testicular explants were maintained in 1.75 ml of basal medium with a combination of trypsin (0, 1, 10, or 100 nM) and taurine (80 lM). After culture for 6 days testicular fragments were collected and used for the analysis of taurine uptake by HPLC. Prior to these experiments, we confirmed by HPLC that the culture medium did not contain any taurine.
Germ Cell/Somatic Cell Coculture System
Testicular germ cell/somatic cell coculture techniques were performed as described previously [20] . Briefly, germ cells and somatic cells containing Sertoli cells and interstitial cells isolated from the testes of 15 eels were collected by centrifugation, and the cell pellets were incubated for 24 h at 208C. Culturing was performed twice, once for 6 days (short-term culture), and again for 15 days (long-term culture). In the 6-day cultures, the pellets were divided into 14 groups, each consisting of 10 pellets. In the 15-day culture, the pellets were divided into six groups, each consisting of six pellets.
BrdU Index
To assay for DNA replication, germ cells were labeled with BrdU in accordance with the manufacturer's instructions (Amersham Pharmacia Bioscience). The number of immunolabeled germ cells was then counted and expressed as a percentage of the total number of germ cells.
Electrophoresis and Western Blot Analysis
Testicular fragments from hCG-treated eel or cultured cell pellets were homogenized in 20 mM Tris-HCl (pH 8.0) containing 1 mM EDTA and 1 mM PMSF, and centrifuged at 10 000 3 g for 10 min at 48C. The supernatant was then mixed with an equal volume of sample buffer (0.125M Tris-HCl at 4% [wt/vol], SDS at 20% [vol/vol] , glycerol at 0.05 % [wt/vol], and bromophenol blue) with 10% 2-mercaptoethanol. All samples were boiled for 10 min after mixing with the sample buffer. The protein concentration was determined using a protein assay rapid kit (Wako). For Western blot analysis, the same amount of protein (10 lg) was separated by SDS-PAGE using a 5%-20% gradient e-PAGEL (ATTO, Tokyo, Japan), and transferred to a polyvinylidene difluoride membrane (Millipore, Billerica, MA). The membrane was immersed overnight at 48C in a solution containing anti-rat CDO1, anti-human CSAD, anti-human SLC6A6, or anti-eel Spo11 antibodies at a dilution of 1:5000, 1:5000, 1:5000, and 1:2000, respectively, in Can Get Signal solution 1 (Toyobo, Osaka, Japan). After washing, the membrane was incubated with alkaline phosphatase (AP)-conjugated goat anti-rabbit IgG (Vector Laboratories, Marion, IA) or APconjugated goat anti-mouse IgG (Vector) diluted 1:3000 in Can Get Signal solution 2 (Toyobo) for 1 h. After washing, AP activity was visualized using CDP-Star Detection Reagent (GE Healthcare, Tokyo, Japan) and analyzed with an LAS-4000 device (GE Healthcare).
Immunohistochemistry
Immunohistochemistry was performed using anti-medaka synaptonemal complex protein 3 (Sycp3) antibodies, kindly provided by Masakane Yamashita (Hokkaido University, Sapporo, Japan). Briefly, germ cell/somatic cell pellets were fixed in 4% paraformaldehyde solution at 48C for 8 h, embedded in paraffin wax, and cut into 5-lm sections. Sections were deparaffinized in xylene, hydrated in a graded ethanol series, washed in PBS, and incubated in 5% skimmed milk in PBS (pH 7.4) at room temperature for 45 min. Immunohistochemical analysis was performed using the Histofine SAB-AP kit (Nichirei, Tokyo). The anti-medaka Sycp3 antibody was used at a dilution of 1:2000. Negative controls were performed by omitting the primary antibody and yielded no reaction product (data not shown).
Statistics
All values were expressed as the mean 6 SEM. A one-way ANOVA, followed by a Tukey multicomparison test, was used to analyze the differences between the means with KaleidaGraph statistical software.
RESULTS
Time Course Changes in the Testicular Taurine Levels and Expression of Cdo1, Csad, and Slc6a6
The testicular taurine levels during hCG-induced spermatogenesis were measured by reverse-phase HPLC (Fig. 1A) . After hCG injection, these levels increased, peaked at Day 3 post-hCG injection, and then rapidly decreased after Day 9 post-hCG injection. To analyze the mRNA expression profiles of cdo1 and csad, enzymes involved in taurine biosynthesis, and slc6a6 during hCG-induced spermatogenesis, semiquantitative RT-PCR was carried out (Fig. 1B) . Expression of cdo1 mRNA increased after an hCG injection with a peak on Day 6, and then decreased afterwards. In contrast, csad mRNA expression did not change markedly during the experimental period. Slc6a6 mRNA expression increased after Day 9.
The protein expression profiles of Cdo1, Csad, and Slc6a6 during hCG-induced spermatogenesis were also verified using Western blot analysis (Fig. 1C) . Cdo1 expression increased from Day 9 post-hCG injection, and Csad expression slightly increased after hCG injection. Slc6a6 expression also increased after Day 9. Several earlier reports have indicated that the Cdo1 protein in vertebrates could be observed as a double band on SDS-PAGE [21] [22] [23] . The Japanese eel Cdo1 was also evident as a double band on a Western blot.
Effects of Taurine and Trypsin on Early Spermatogenesis
The direct effects of taurine and trypsin on spermatogenesis were monitored using an eel germ/somatic cell coculture system. Germ cell/somatic cell pellets were cultured for 6 days with increasing concentrations (1, 10, and 100 nM) of trypsin alone or in combination with taurine (80 lM) or the competitive taurine transport inhibitor beta-alanine (also 80 lM). We then monitored DNA synthesis in spermatogonia by exposing the pellets to BrdU (Fig. 2, A-D) and then calculating the BrdU index. Compared with the untreated groups, the BrdU index was significantly higher in the trypsin-exposed groups, with a peak (14.2 6 0.8%) at the 10 nM dose. Taurine supplementation with the trypsin treatment significantly increased the BrdU index. However, beta-alanine, a competitive taurine transport inhibitor, significantly blocked the effects of trypsin on the incorporation of BrdU into germ cells (Fig. 2E) .
Effects of Sex Steroids on slc6a6 mRNA Expression
To further elucidate the relationship between testicular slc6a6 expression and sex steroids, such as DHP, that are associated with the regulation of spermatogenesis, we examined the effects of 11-KT (10 ng/ml), E2 (1 ng/ml), and DHP (10 ng/ml) upon the slc6a6 mRNA levels in the Japanese eel testis. Eel testicular fragments were cultured for 6 days with these three steroids, and the expression of slc6a6 was then analyzed by semiquantitative RT-PCR. The results showed that slc6a6 expression is induced remarkably by both DHP and E2 stimulation (Fig. 3) .
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Interaction Between Trypsin, Slc6a6, and Cdo1 slc6a6 expression was promoted by DHP treatment. Previously, it has been reported that DHP promotes trypsinogen and cdo1 expression [4, 5] . Therefore, to confirm the interaction between Cdo1, Slc6a6, and trypsin, germ cell/ somatic cell pellets were cultured for 6 days with trypsin (1, 10, 100 nM), DHP (10 ng/ml), or a combination of DHP (10 ng/ ml) and 4-(2-aminoethyl)-benzenesulfonyl fluoride (AEBSF; 1 mM), a serine protease inhibitor. The results of semiquantitative RT-PCR and Western blotting revealed that Slc6a6 expression is promoted by trypsin and DHP treatment, whereas AEBSF inhibits the effects of DHP on Slc6a6 expression. In contrast, trypsin was found not to affect Cdo1 expression, and AEBSF did not block the effects of DHP on Cdo1 expression (Fig. 4, A and B) .
Effects of Trypsin on Taurine Uptake in the Eel Testis
Since trypsin treatment was found to promote Slc6a6 expression in the eel testis, we evaluated whether trypsin promotes taurine uptake. For this purpose, testicular fragments were cultured with a combination of trypsin (1, 10, and 100 nM) and taurine (80 lM) for 6 days and the testicular taurine levels were then measured by HPLC (Fig. 5A) . HPLC analysis revealed that trypsin treatments at all concentrations led to increased taurine levels in cultured eel testes. Notably, the 10 nM and 100 nM trypsin doses led to a significantly increased taurine level in this tissue (10 nM, 638.0 6 22.8 nmol/100 mg testis; 100 nM, 626.2 6 37.3 nmol/100 mg testis) compared with the control (453.9 6 9.1 nmol/100 mg testis). Moreover, semiquantitative RT-PCR analysis revealed that taurine does not affect trypsinogen expression (Fig. 5B) .
Effects of Taurine and Trypsin on Meiosis
To evaluate the effects of taurine and trypsin on the initiation of meiosis, Western blot analysis was performed using an anti-eel Spo11 antibody. We found in the trypsin and beta-alanine (80 lM) -treated groups that Spo11a (short form) was very weakly expressed compared with the other groups (Fig. 6 ). Beta-alanine is known as a competitive taurine transport inhibitor. We further identified two isoforms of Spo11 in the eel testis (Supplemental Figures S1 and S2 ; all supplemental data are available online at www.biolreprod. org). We next investigated the effects of trypsin (10 nM) and taurine (80 lM) on the progress of meiosis using a Sycp3 antibody. Sycp3 is a late-meiosis-specific marker. After 15 days of culture, spermatogenesis progression was observed only in the trypsin and taurine combination treatment groups (Fig. 7C) . Sycp3-positive germ cells were also observed only in the trypsin and taurine combination treatment groups (Fig.  7D) .
DISCUSSION
Slc6a6 Plays an Important Role in Spermatogenesis
We reported previously that, in vitro, DHP promotes taurine synthesis in the Japanese eel testis via the up-regulation of cdo1 [5] . Furthermore, we have reported that, in vivo, hCG treatment increases the testicular DHP levels [3] . These data suggest that hCG treatment induces DHP production in the eel testis, and that DHP then promotes taurine synthesis via the up-regulation of cdo1 expression, also in vivo. Previously, we have reported that Slc6a6 is strongly expressed in late type B spermatogonial, but that its expression is very low at other stages of germ cell development [16] . We have also reported that taurine promotes spermatogonial proliferation [5] . These results have collectively indicated that the expression of Slc6a6 affects spermatogonial proliferation. Moreover, a higher Slc6a6 expression results in a lower testicular taurine level during hCG-induced spermatogenesis though Cdo1 and Csad were still expressed. Eels were cultured without any feeding to eliminate the effect of exogenous taurine after hCG injection. As such, one possibility is that sources of taurine, such as cysteine or methionine, were exhausted. The second is that taurine is metabolized into germ cells during eel spermatogenesis. Taurine can be transformed into 5-glutamyl-taurine, taurocyanamine and taurocyanamine phosphate, sulfoacetaldehyde, sulfoacetate, the bile salts taurocholate and taurochenodeoxycholate, and aminoacetaldehyde.
Taurine was found in spermatogonia and in Sertoli cells in the eel testis [16] , whereas taurine was found in Leydig cells, vascular endothelial cells, and other interstitial cells in the rat testis. No immunoreactivity was observed in the cells of the seminiferous tubules, either in germ cells at all spermatogenic stages or in Sertoli cells [15] . The testes of most species of teleosts belong to the lobular type. Testes of Japanese eel also belong to the lobular type [24] . In the lobular type, all of the germ cells within one cyst are at the same stage of development. When spermiogenesis proceeds, the cysts expand and eventually rupture. In the lobular type, germ cells or cysts do not migrate in the testis during spermatogenesis. In teleosts, differentiated cells enveloped by germ cell cysts are called ''lobule boundary cells'' or ''Sertoli cells,'' and the function of Sertoli cells in teleosts is not well established. These data suggest that the function of Sertoli cells and Leydig cells may differ between mammals and teleosts.
It has been reported by others that an SLC6A6 knockout mouse exhibits reduced fertility [25] , and that the overexpression of SLC6A6 in Chinese hamster ovary cells can enhance cell viability and product yield [26] . In contrast, a Cdo1 (the enzyme involved in taurine biosynthesis) null mouse is severely impaired in its ability to synthesize taurine, and both sexes are infertile [27] . These results imply that taurine is required for gametogenesis and that other routes for taurine transport exist in mammals. It has been suggested that taurine interacts weakly with GABA transporter (GAT-4) [28] . Although multiple transport pathways for taurine are indicated, taurine and SLC6A6 may play important roles in vertebrate reproduction.
Trypsin Up-Regulates Slc6a6 Expression in Spermatogonia
We previously demonstrated that DHP up-regulates the expression of eel trypsinogen, which is the precursor of the trypsin serine proteinase, and that trypsin plays an important role in the regulation of three reproductive events in the male eel (i.e., the initiation of meiosis, spermiogenesis, and fertilization). We also observed previously that trypsinogen is HIGUCHI ET AL. strongly expressed in the Sertoli cells surrounding the late type B spermatogonia, but not in the Sertoli cells of the spermatocytes [4] . This finding corresponds to the expression pattern of Slc6a6 in the eel testis [16] . Our past and present findings suggest that trypsin is secreted from the Sertoli cells and promotes Slc6a6 expression on the surface of the germ cells. Our results also demonstrate that DHP promotes both taurine synthesis and the transport of taurine into late type B spermatogonia.
Proposed Mechanisms for the Induction of Taurine Transport by Trypsin
Coagulation factor II (thrombin) receptor-like 1 (F2RL1), also known as protease-activated receptor-2, is a G proteincoupled receptor for trypsin and tryptase and exerts important physiological and pathological functions in multiple systems. A number of receptor or binding sites, including p53, WT1, ERG, activator protein 1 (AP-1), and others, have been found in the promoter region of rat SLC6A6 gene [29] . Recently, it has also been demonstrated that Jun activation domain-binding protein 1 (Jab1) mediates F2RL1-induced c-Jun activation, which is followed by increased activation of AP-1 [30] . It has been further shown that SLC6A6 mRNA and protein expression are stimulated by the overexpression of c-Jun/AP-1 [31] . These previous reports indicate the possibility that trypsin transactivates Slc6a6 expression through c-Jun/AP-1 activation. To clarify this possibility, it will be necessary to examine whether F2rl1 is expressed on the surface of eel spermatogonia. Moreover, trypsin may also directly modify the membrane proteins that form the Ca 2þ channel [32] . It has also been suggested that the Ca 2þ signal plays an important role in the renal dietary adaptive regulation of SLC6A6 gene expression in LLC-PK1 cells [33] , and it has been reported that the activation of protein kinase C (PKC) leads to a reduction in taurine transport and that the inhibition of PKC increases taurine uptake [34] . Many types of PKC isozymes have been identified, and it has been reported that type 3 PKC (PKCa) is cleaved by trypsin treatment [35] .
These previous reports indicate the possibility that trypsin increases taurine uptake through the inhibition of PKC, since PKC reduces taurine transport. Although further investigations are needed to fully elucidate these phenomena, it is possible that trypsin up-regulates Slc6a6 expression via some or all of these pathways. Various serine proteinases and serine proteinase inhibitors have been identified in the mouse testis, and previous evidence has indicated that androgen regulates some of these proteinases [6] [7] [8] . However, the role of serine proteinase in male reproduction is yet to be fully clarified. 
MEIOSIS IS PROMOTED BY TRYPSIN AND TAURINE
Our current findings will help to further our understanding of this mechanism.
We found in our current experiments that E2 also upregulates slc6a6 expression in the eel testis in vitro. It has been reported that Slc6a6 is transactivated by E2 in MCF-7 human breast cancer cells [36] . Previously, we reported that E2 stimulates the renewal of spermatogonial stem cells in the eel testis [19] , and that taurine promotes spermatogonial proliferation [5] . These results collectively suggest that E2 may stimulate the renewal of spermatogonial stem cells through the up-regulation of Slc6a6.
Taurine Signaling Regulates Meiosis Initiation
We have reported previously that a single injection of hCG (in vivo) stimulated spermatogonial proliferation after 3-6 days, that spermatocytes with a synaptonemal complex appear in the testis of 12-day post-hCG-injected eels, and that spermiogenesis could be observed in the testis of 18-day post-hCG-injected eels. In testicular organ culture system (in vitro), on the other hand, 11-KT treatment stimulated spermatogonial proliferation after 6 days of culture, and spermatocytes were observed after 15-18 days. Spermatids were observed after 21 days and sperm were observed after 24 days of culture [37] . In the present study, we found that the expression levels of Slc6a6 increased from Day 9 post-hCG FIG. 6 . Expression of the meiosis-specific marker proteins Spo11a and Spo11b in cultured eel germ cell/somatic cell pellets exposed to trypsin (1-100 nM), trypsin (1-100 nM) and the taurine competitive transport inhibitor beta-alanine (80 lM), or trypsin (1-100 nM) and taurine (80 lM), taurine (80 lM), DHP (10 ng/ml), or DHP (10 ng/ml) and beta-alanine (80 lM). C, control; IC, initial control; Tau, taurine. injection. These data strongly suggest that the up-regulation of Slc6a6 expression is related to the initiation of meiosis. Hence, using the eel germ cell/somatic cell coculture system (short term and long term), we attempted to examine whether the promotion of taurine uptake into spermatogonia affects the initiation of meiosis. We found that the promotion of taurine transport by trypsin induced Spo11a (short form) expression. Spo11 is involved in the formation of DNA double-strand breaks in eukaryotic species during homologous recombination in meiotic prophase [38, 39] . Recently, alternative splicing bringing about Spo11a (short form) and Spo11b (long form) isoform expression was identified in mice, humans [40] , and the Japanese eels (Supplemental Figures S1 and S2) .
To our knowledge, the present study is the first to report the presence of Spo11 isoforms in the Japanese eel. It has been suggested in a previous study that there are differential roles of Spo11a and Spo11b in mouse meiosis [41] . It has also been reported that most Spo11b-only males are infertile [42] . Moreover, it has been demonstrated that Arabidopsis thaliana harbors three Spo11 genes, two of which (Spo11-1 and Spo11-2) are essential for meiotic recombination [43] . We have also confirmed that the Japanese eel has two isoforms of Spo11 (Spo11a and Spo11b), and that their expression pattern differs during hCG-induced spermatogenesis (Supplemental Figure  S3) . These results suggest that taurine signaling regulates meiosis initiation via the up-regulation of Spo11a expression.
The Regulation of Taurine Signaling by Trypsin Is Required for the Progression of Meiosis
Our current results have demonstrated that the combination of trypsin and taurine treatment is sufficient to induce meiotic initiation, but is insufficient for the completion of spermiogenesis. It has been reported previously that retinoic acid regulates meiotic initiation in both spermatogenesis and oogenesis in mice [44, 45] . However, it has been suggested that other factors also regulate meiosis initiation [46] . These results collectively indicate that the activation of taurine signaling functions in the regulation of meiotic initiation.
The mechanisms by which taurine regulates meiosis remain unclear, but one possibility involves interactions with zinc. Recently, it has been reported that zinc fluxes are required for entry into meiosis II in mouse oocytes [47, 48] . We have also demonstrated that zinc is essential for eel spermatogenesis [49] , although whether a zinc spark occurs in male meiosis has yet to be elucidated. Generally, the bioavailability of amino acidchelated trace elements is higher than their inorganic forms, and two reports showed that bioavailability of methioninechelated zinc is higher than inorganic form zinc in teleosts [50, 51] . Taurine is more abundant than methionine in the eel testis [16] . It is further reported that taurine stimulates zinc (II) absorption in human fibroblasts and in the rainbow trout intestine [52, 53] , and the possibility of the formation of taurine-zinc complexes has been proposed [54] . We also showed in a previous report that taurine promotes the translation of copper-zinc superoxide dismutase in eel spermatogonia [16] . Taken together, the evidence suggests that the absorption and utilization of zinc are promoted by taurine, and hence that taurine may regulate meiosis via the modulation of the translation of zinc-binding proteins, which are required for meiosis. A Cdo1 null mouse is severely impaired in its ability to synthesize taurine, and both sexes are infertile [27] . These data suggest that the absence of taurine cannot be compensated by other amino acids, such as methionine. In this regard, it will be necessary in the future to analyze the interaction between taurine, zinc, and meiosis to clarify this possibility.
In conclusion, we have clarified here that taurine and the activation of taurine transport by trypsin are essential components of the progression of meiosis. We have also demonstrated that DHP plays important roles in meiotic initiation through the regulation of taurine synthesis and taurine transport into germ cells (Fig. 8) . The Japanese eel is one of the most consumed fish in Japan, and its consumption depends on natural resources. Recently, the quantity of Japanese eel fry caught in Asia has fallen, and full-cycle cultivation technology has not been successful commercially, due to lower hatching rates and lower larval survival. Elucidating the reproductive mechanisms in the Japanese eel may allow its commercial cultivation in the future.
